The use of biomass-templating materials with a cheap production method as an enhanced sorbent for CO2 uptake has been proposed recently. However, the attrition and fragmentation behaviour of this type of material, which is a vital parameter for calcium looping sorbents, has not yet been investigated in detail. In this work the attrition and fragmentation behaviour of biomass-templated sorbents is investigated. Three types of materials were prepared using a mechanical pelletiser: 1. lime and cement (LC); 2. lime and flour (LF); and 3. lime, cement and flour (LCF). These samples were heat treated in a pressurised heated strip reactor (PHSR) and in a bubbling fluidised bed (BFB) and changes in particle size distribution were measured to assess fragmentation. Results indicated that the addition of biomass enhances the propensity to undergo fragmentation. Upon heat treatment in the PHSR the particle size of LC was not modified significantly; on the contrary the mean particle diameter of LF decreased from 520 µm to 116 µm and that of LCF from 524 µm to 290 µm. Fragmentation tests in the BFB confirmed the trend: 67% of the particles of LF fragmented, against 53% of LCF and 18% of LC samples. The addition of biomass to the LC samples partially counteracts this performance degradation with respect to attrition. However, calcium aluminate pellets (LC) showed the lowest rate of fragmentation amongst all of the samples tested.
The typical reactor set-up consists of two interconnected fluidised-bed reactors. In 5 the first reactor (the carbonator) the CaO-based sorbent captures CO2 from power 6 plant flue gas; this reaction occurs at a practical rate at 650-700°C [1] [2] [3] . The 7 carbonated sorbent is then transferred to the second reactor (the calciner) where 8 CO2 is released at high temperatures (850-950°C). The regenerated material is then 9 returned to the carbonator for the next cycle. However, there are several challenges 10 with CaO-based sorbent whose CO2 uptake decreases with increasing number of 11 carbonation/calcination cycles. This decline in activity is mainly due to sintering 12 during calcination because of the high temperatures necessary for calcination [4] [5] [6] [7] [8] .
13
The CO2 capture capacity of the fresh sorbent drops quickly during the initial cycles particles [10] . However, this deactivation can also be caused by sulphation or ash 20 fouling [11] .
21
Natural sorbents (limestone and dolomite) are attractive due to their low cost, ready 22 availability and, in the case of limestones, the potential suitability of the CaL purge 23 material for the cement industry [12, 13] For the fragmentation experiments two experimental systems have been used: a 82 pressurised heated strip reactor and a bubbling fluidised bed.
83
The apparatus used for the first round of tests (the PHSR) achieves a heating rate of experiments was 20 min to ensure complete calcination. These tests were repeated 98 for two different particle size ranges: 500-710 μm and 250-500 μm.
99
For the BFB tests, 20 g of sorbent was diluted in 150 g of silica (particle size 100 distribution of 850 -1000 μm) sand to avoid excessive decrease of temperature in the 101 bed during calcination, due to the endothermic reaction of the sorbent. All the 102 experiments were performed isothermally at 900°C.
103
It is important to note that in the present work the focus is on the first calcination step calcined samples were put in the SEM chamber together with the ceramic pan.
129
Before the analysis, the samples were coated with gold to avoid excessive charging.
130
The porosimetry was studied using an AutoPore IV 9500 with mercury intrusion.
131
The particle size distribution was measured using the calcination. There are clear differences in structure: it is evident that the LC has a 162 more compact structure, whilst LF has a more porous surface, as can be seen in has smaller pores and a more porous structure than LC. In Figure 6 the mercury intrusion pore volume (dV/dD) is shown. From these data, it 170 can be inferred that there is a difference in the pore size distribution. In LC, there is a 171 greater amount of larger pores (around 100 nm) than in LF and LCF and this was calcium aluminate cement and lime in the production process. These outcomes have 185 been well documented in earlier investigations [44, 45] . The percentage of material loss in the course of the BFB experiments is reported in 252 Table 2 . It can be seen that around 45% weight of LF was lost in the first calcination suggests that they contained more calcium aluminate cement than the smaller size 266 range particles. However, it should be noted that the particle size effect observed in 267 Table 2 could be related to elutriation. The contribution of elutriation to the loss of 268 bed material is in fact more noticeable the smaller the particle size is. Another point 269 worth reiterating is that the main difference between both size ranges is the amount 270 of cement present in each size cut. The effect of adding cement has been extensively 271 studied in previous papers. There is a negative impact of adding cement because the 272 particles have less active (CaO) material in them so that would negative influence 273 there CO2 uptake, also cement reacts with lime to form mayenite (Ca12Al14O33).
274
However, a positive effect has also been found in which the addition of calcium 275 aluminate cement stabilizes the structure of the particle due to a mesoporous Al2O3 276 phase that delays sintering and therefore decreases the reactivity decay over cycles 277 [26, 44] . 
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